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$R$ $O$ $r$ $I$ 2 $O(R)$ $I(r)$
$r_{1},r_{2},$ $\ldots,r_{n}$ $n$ (Steiner
chain, Steiner n-cycle) 1 $n=4$




$n$ $R,$ $r,$ $r_{i}$
$O(R)$ $I(r)$
$r_{i}$ [2][3][4].




$2 ( \frac{1}{R^{2}}+\frac{1}{r_{1}^{2}}+\frac{1}{r_{2}^{2}}+\frac{1}{r_{3}^{2}})=(\frac{1}{r_{1}}+\frac{1}{r_{2}}+\frac{1}{r_{3}}-\frac{1}{R})^{2}$ (1)
$2 ( \frac{1}{r^{2}}+\frac{1}{r_{1}^{2}}+\frac{1}{r_{2}^{2}}+\frac{1}{r_{3}^{2}})=(\frac{1}{r_{1}}+\frac{1}{r_{2}}+\frac{1}{r_{3}}+\frac{1}{r})^{2}$ (2)
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1: $n=4$
( ) $K=1/R,$ $\kappa=1/r,$ $\kappa_{1}=1/r_{1},$ $\kappa_{2}=1/r_{2},$ $\kappa_{3}=1/r_{3}$
$K^{2}+2(\kappa_{1}+\kappa_{2}+\kappa_{3})K+\kappa_{1}^{2}+\kappa_{2}^{2}+\kappa_{3}^{2}-2(\kappa_{1}\kappa_{2}+\kappa_{2}\kappa_{3}+\kappa_{3}\kappa_{1})=0$ (3)
$\kappa^{2}-2(\kappa_{1}+\kappa_{2}+\kappa_{3})\kappa+\kappa_{1}^{2}+\kappa_{2}^{2}+\kappa_{3}^{2}-2(\kappa_{1}$ $+\kappa_{2}\kappa_{3}+\kappa_{3}\kappa_{1})=0$ (4)











(3)(4)(8)(9) $\Phi_{3}(K, \kappa_{i}),$ $\Psi_{3}(\kappa, \kappa_{i}),$ $\varphi_{3}(R, r_{i}),$ $\psi_{3}(r, r_{i})$
$\Psi_{3}(\kappa, \kappa_{i})=\Phi_{3}(-\kappa, \kappa_{i})$ $\psi_{3}(r, r_{i})=\varphi_{3}(-r, r_{i})$
$n\geq 4$ $\varphi_{n}(R, r_{1})$
$\Phi_{n}(K, \kappa_{i})$
2.2 (porism)










$O(R)$ : $x^{2}+y^{2}=R^{2}$ $I(r)$ : $x^{2}+(y-d)^{2}=r^{2}$











(i) $J_{R}=(f_{i}, f_{2}, f_{3}, h_{1}, h_{2}, h_{3})$ , $[x_{1},x_{2},x_{3},y_{1},W,y_{3}|\succ[R_{\Gamma}1,r_{2},r_{3}]$
(8) $\varphi_{3}(R,r_{1},r_{2},r_{3})$
(ii) $J_{r}=(g_{1},g_{2},g_{3}, h_{1}, h_{2}, h_{3})$ , $[x_{1}, x_{2}, x_{3}, y_{1}, y_{2}, y_{3}, d]\succ[r, r_{1}, r_{2}, r_{3}]$
(9) $\psi_{3}(r, r_{1,2}f,r_{3})$
$(\ddot{\dot{m}})J=(f_{1}, f_{2}, f_{3,g_{1},g_{2},g_{3}}, h_{1}, h_{2}, h_{3})$ , $[x_{1}, x_{2}, x_{3},y_{1},y_{2},y_{3}, r_{1}, r_{2}, r_{3}]\succ[r, R, d]$
1 (10) $n=3$ $R^{2}-14Rr+r^{2}-d^{2}$
$n=3$
$\psi_{3}(r,r_{1})=\varphi_{3}(-r,r_{1})$ $y_{1}’\cdot=y_{i}-d,$
$r’=-r$ (14) $g_{1}$ (13) $f_{1}$ ( (15) $h_{i}$ )
$J_{R}=(f_{1}, h_{i})$ $\varphi_{n}(R,r_{1})$
3. $3$ $n=4$








$\psi_{4}(r,r_{i})=\varphi_{4}(-r,r_{i})$ 4 $\varphi_{4}(R,r_{i})=0$ $\psi_{4}(r, r_{i})=0$
(8)(9) $\varphi_{3}(R,r_{i})=0$ $\psi_{3}(r, r_{1})=0$ $ _{}n=4$
$\varphi_{4}(R, r_{1}),$ $\psi_{4}(r, r_{1})$
$\varphi_{4}(R,r_{i})=0,$ $\psi_{4}(r, r_{1})=0$ $K=1/R,$ $\kappa=1/r,$ $\kappa_{1}=1/r_{1}$
$K,$ $\kappa,$ $\kappa_{i}$
$\Phi_{4}(K, \kappa_{i}) = 16K^{4}-8(2\kappa_{1}\kappa_{3}+2\kappa_{2}\kappa_{4}+\kappa_{1}\kappa_{2}+\kappa_{2}\kappa_{3}+\kappa_{3}\kappa_{4}+\kappa_{4}\kappa_{1})K^{2}$
$+16(\kappa_{1}\kappa g\kappa_{3}+\kappa_{1}\kappa_{2}\kappa_{4}+\kappa_{1}\kappa_{3}\kappa_{4}+\kappa_{2}\kappa_{3}\kappa_{4})K$



















$r_{1}=r_{2}=r_{3}=1$ $r_{4}=1$ (21)(22) $R=$
$\{1-\sqrt{2},1+\sqrt{2}\}$ $r=\{-1-\sqrt{2},$ $-1+\sqrt{2}\}$ $R=1+\sqrt{2}$ $r=-1+\sqrt{2}$
4 ( 2 )
2











$n\geq 5$ $(Maplel4/Win64, Xeon(2.93 GHz)\cross 2,$
96 $GB$ RAM) Maple15,16
$-$ Maple14
[8][10]
(13)(15) $\{fi, \ldots, f_{5}, h_{1}, \ldots, h_{5}\}$ $x_{i}$ ,
. $x_{1}=0,$ $y_{1}=R-r_{1}$ $y_{2},$ $y_{6},$ $x_{2},$ $x_{3},$ $x_{4},$ $x_{5},$ $y_{3},$ $y_{4}$
( )
$\varphi_{8}(R,r_{i})=a_{24}(r_{i})R^{24}+\cdots+a_{1}(r_{i})R+a_{0}(r_{i})=0 (a_{j}(r_{i})\in Qh, \ldots,r_{5}])$ (26)
159
$n=3$ $n=4$ $\varphi_{3}(R,r_{1}),$ $\varphi_{4}(R,r_{i})$
$\varphi_{5}(R, r_{i})$ $n=5$ $R$
CPU 17 $\varphi_{5}(R, r_{1})$
(26) $\kappa_{1},$ $\ldots,$ $\kappa_{b}$
(7)(11) $\Phi_{6}(K, \kappa_{i})$




















$R$ 48 $\varphi\iota(R, r_{i})$
$\varphi_{6}(R,r_{i})=b_{4S}(r_{i})R^{48}+\cdots+b_{1}(r_{i})R+b(r_{i})=0 (b_{j}(r_{i})\in Q[r_{1}, \ldots,r_{6}])$ (30)
CPU 7 40 ( 1 6 )
$\varphi_{6}(R,r_{1})$ 16 32 (CPU
34 27 22 35 –, $77GB$ ).
$\varphi_{6}(R,r_{i})=\varphi_{6}^{(1)}(R,r_{i})\cdot\varphi_{6}^{(2)}(R,r_{i})$ (31)
160
$K=1/R,$ $\kappa=1/r,$ $\kappa_{i}=1/r_{i}$ $\varphi_{6}^{(1)}(R, r_{i}),$ $\varphi_{6}^{(2)}(R,r_{i})$
6 $\kappa_{i}$ 2 (12) $\kappa_{6}=\kappa_{1}+\kappa_{4}-\kappa_{3},$ $\kappa_{5}=\kappa_{1}+\kappa_{4}-\kappa_{2}$
$\{\begin{array}{l}(2K-(\kappa_{1}+\kappa_{4}))^{4}\cdot\Phi_{6}^{(1)}(K,\kappa_{i}) = 0\Phi_{6}^{(2)}(K, \kappa_{i}) = 0\end{array}$ (32)









(i) $R=1+2/\sqrt{3},$ $r=-1+2/\sqrt{3}$ $(K=-3\pm 2\sqrt{3})$
3 ( 2 )
(ii) $R=1+\sqrt{2},$ $r=1-\sqrt{2}$ $(K=-1\pm\sqrt{2})$
4 ( 2 )
5
1: $n$ $R$ $\varphi_{n}(R,r_{i})$
$n=3$





$\varphi_{5}(R,r\prime)=0$ $\varphi_{0}^{(1)}(R, r_{i})\cdot\varphi_{6}^{(2)}(R, r_{i})=0$ $\Phi_{6}(K, )$ $=0,$
$\Phi_{6}^{(1)}(K,\kappa_{1})=0,$ $\Phi_{6}^{(2)}(K, \kappa_{i})=0$









$R,r,r_{1},r_{2}$ $r_{3},r_{4},$ $\ldots$ $n$
$\frac{4Rr}{(R+r)^{2}-d^{2}}=coe^{2}\frac{\pi}{n}$ (36)
Jakob Steiner (1796-1863) (10) (35)
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